Seedling growth of mung bean is accompanied by the rapid catabolism of the three major phospholipids in the cotyledons (phosphatidylcholine, phosphatidylethanolamine, and phosphatidylinositol). The decline starts 24 hours after the gnnin of imbibition and by the 4th day of growth more than 50% of the phosphoUpids have been catabolized. Extracts endopeptidase which is synthesized in the cytoplasm and transported to the protein bodies (2). The synthesis and/or transport of the enzyme may be mediated by the ER (5). We are investigating the morphology of the cisternal and tubular ER in the cotyledons, as well as biochemical changes in ER function. Because the ER is the major site of phospholipid synthesis (19) we have investigated the biosynthesis, degradation, and turnover of phospholipids in the cotyledons. The results indicate that the cotyledons are capable of phospholipid biosynthesis very soon after imbibition, but that phospholipid catabolism exceeds synthesis, resulting in a rapid net decline in phospholipid content. This decline precedes the catabolism of reserve proteins and the senescence of the cotyledons.
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endopeptidase which is synthesized in the cytoplasm and transported to the protein bodies (2) . The synthesis and/or transport of the enzyme may be mediated by the ER (5) . We are investigating the morphology of the cisternal and tubular ER in the cotyledons, as well as biochemical changes in ER function. Because the ER is the major site of phospholipid synthesis (19) we have investigated the biosynthesis, degradation, and turnover of phospholipids in the cotyledons. The results indicate that the cotyledons are capable of phospholipid biosynthesis very soon after imbibition, but that phospholipid catabolism exceeds synthesis, resulting in a rapid net decline in phospholipid content. This decline precedes the catabolism of reserve proteins and the senescence of the cotyledons.
MATERIALS AND METHODS
Growth Conditions. Seeds of mung bean (Vigna radiata L. Wilczeck) were germinated in the dark as previously described (6) . In one experiment the axes were removed from dry seeds and cotyledons incubated on moist sterile sand (14) .
Extraction, Separation, and Quantitation of Phospholipids. Lipids were extracted from tissue with either chloroform-methanol (10), or hot isopropyl alcohol.
In the first method, samples were homogenized in a mortar in 5 ml 50 mm Tris-HCl (pH 7.5) at 0 C, followed by centrifugation at 850g for 3 min to remove cell wall debris and starch. The supernatant was then extracted with 2 volumes of chloroformmethanol (2:1, v/v). The organic phase was removed, washed twice with 2 volumes of methanol-water (1:1, v/v) containing 0.8% NaCl, and evaporated to dryness.
In the second method samples were homogenized in 2 ml hot isopropyl alcohol and centrifuged at 2,000g 5 min. The pellet was reextracted with 2 ml chloroform-isopropyl alcohol (2:1, v/v), centrifuged, and the supernatants pooled and evaporated to dryness.
Lipid extracts were redissolved in chloroform-methanol (2:1, v/ v), and applied to TLC plates (New England Nuclear, Silica Gel Type 0, 250 ,um thickness). Development was in petroleum etheracetone (1:3 v/v), followed by chloroform-methanol-acetic acidwater (50:25:7:3, v/v/v/v) in the same dimension. Identification of lipids was by co-chromatography of reference compounds after visualization with iodine vapor.
Phosphate in lipid extracts or individual phospholipids from thin layer chromatograms was assayed after digestion in 72% perchloric acid by the method of Bartlett (1) .
Assay of Phospholipid-degrading Enzymes. Cotyledons were homogenized in 100 mm Tris-HCl (pH 7.5) and the 27,000g, 20-min supernatant was used as a source of enzyme after the removal of the fat layer. An aliquot of enzyme (50 ,ul) 
RESULTS
Phospholipid Content of Cotyledons. Two different methods were used to extract phospholipids from the cotyledons prior to the determination of phospholipid phosphorous in the individual phospholipids. In the first method an aqueous homogenate of the cotyledons was extracted with chloroform-methanol (2:1) while in the second one the cotyledons were homogenized directly in boiling isopropyl alcohol. The second method extracted 1.2 to 1.5 times more PC and PE and up to 10 times more PI than the first method. The second method was therefore preferred for quantitative determination. Cotyledons of dry seeds contained about 200 nmol of phospholipid phosphate per cotyledon and 90%o of it could be accounted for by the three major phospholipids: PC (50%), PE (30%o), PI (9o). The amounts ofthe minor phospholipids were not determined. PA accounted for less than 3% of the total phospholipid phosphate at all stages of seedling growth indicating that little or no breakdown of phospholipids resulting from the action of phospholipase D occurred during the extraction process.
Changes in the amounts of PE, PC, and PI in the cotyledons as a function of time of germination and seedling growth are shown in Figure 1 . PE and PC declined steadily starting 12 h after the beginning of imbibition, while the PI content doubled during the first 24 h and declined subsequently. Half the phospholipid phosphate was lost during the first 4 days of growth.
Separation of the axis from the cotyledons followed by the incubation of isolated cotyledons on moist sand resulted in a considerable slow down in the rate of catabolism of the phospholipids. When the cotyledons remained attached to the plant 66% of the phospholipid phosphate was lost between the 1st and the 5th days of growth ( Fig. 1) . When the isolated cotyledons were incubated on moist sand this rate of loss slowed to less than half, and only 26% of the phosphilipids were lost during this time period. The decline in PC, PE, and PI occurred in parallel as in the control plants (data not shown).
Phospholipid-degrading Enzymes Fig. 2A) showed that PC and PE were rapidly degraded, while PA accumulated. These data indicate that PC and PE are converted to PA. This conversion is known to be catalyzed by phospholipase D. PA itself was much more stable and only 10%1o of the P-labeled PA was lost during the subsequent 4-h incubation. Incubation of 32P-labeled PC in PC-Nonidet micelles with an aliquot of a cotyledon extract also resulted in the rapid degradation of PC and the accumulation of PA (Fig. 2B) . In addition we observed a slow release of water-soluble 3 P-labeled compounds equivalent to lO1o0 of the PC at the end of the 90-min incubation period. Fractionation of these 32P-labeled compounds into organic and inorganic phosphate by the method of Saha and Good (20) showed that 85% of the radioactivity was in inorganic phosphate. de novo synthesis or declining turnover of the polar moieties of the phospholipids cannot be determined from these data. Enzymes for Pbospholipid Biosynthesis. The rapid incorporation of phospholipid precursors as early as 12 h after the start of imbibition indicated that phospholipid-synthesizing enzymes must be active early in germination. This was confirmed by determining the activities of two such enzymes: phosphorylcholine-glyceride transferase and CDP-diglyceride-inositol transferase. The temporal changes in the activities of the two enzymes are shown in Table II . Both enzymes were present after 9 h of imbibition and increased about 2-fold in the next 12 to 36 h. This increase was followed by a decline in enzyme activity. We also measured the activity of these two enzymes in extracts of cotyledons obtained from beans which had been imbibed at 1 C (in an ice bucket) and found that the activities were nearly as high in cold-imbibed cotyledons as in room-temperature-imbibed cotyledons. These experiments indicate that these two phospholipid-synthesizing enzymes may preexist in the dry seeds and become activated during imbibition. 4 ,000 cpm to 6,000 cpm/cotyledon at the end of a 5-day period of seedling growth subsequent to the labeling with [54CJglycerol. The combined incorporation into PC, PE, and PI ranged from 5,000 cpm to 7,000 cpm/cotyledon at the end of the labeling period and the decline ofthis radioactivity during subsequent seedling growth is shown in Figure 3 . The data show that newly synthesized phospholipids were degraded with a half-life of 2 to 2.5 days whether they were synthesized when the seedlings were 0. peak with a mean density of 1.12 g/cm3 (Fig. 4) . The ER marker enzyme NADH-Cyt c reductase had the same density, but there ['4Clglycerol, homogenized and layered on a continuous sucrose gradient, 12 to 50%S (w/w). After centrifugation to equilibrium fractions were assayed for enzyme activity and radioactivity.
was not exact coincidence between enzyme activity and radioactivity in glycerol. The radioactivity peak was broader than the enzyme peak. A minor peak of radioactivity was present at a density of 1.18 g/cm3. The low level of NADH-Cyt c reductase in this region of the gradient represents mitochondrial activity which is inhibited by antimycin A (data not shown). Protein body ghosts-protein bodies which have lost their protein-also band in this region ofthe gradient (Gilkes and Chrispeels, unpublished).
DISCUSSION
The data presented here show that germination and seedling growth in mung beans are accompanied by a rapid decline of the phospholipids in the cotyledons. The three major phospholipids, PC, PE, and PI, decline in parallel, starting 24 h after the beginning of imbibition. By the 4th day of growth the cotyledons have lost more than half their phospholipids. Although we cannot rigorously exclude the possibility that the phospholipids are being transported from the cotyledons to the axis, it seems reasonable to assume that the phospholipids are being catabolized in the cotyledons. Are the phospholipids part of the food reserves of the seed and do they constitute a source of phosphate for the growing axis, or is phospholipid catabolism an expression of cotyledon senescence? McKersie et al. (17) observed a similar decline in membrane-associated phospholipids in the cotyledons of P. vulgaris seedlings and postulated that this decline is an expression of organ and membrane senescence. In mung beans the timing of phospholipid catabolism is quite different from that of protein or RNA breakdown. The breakdown of stored protein requires the synthesis of vicilin peptidohydrolase. The synthesis of this protease normally begins on the 3rd day of growth and senescence of the first cells which have lost their protein reserves occurs on the 4th day of growth (2) . Similarly, the decline of RNA in the cotyledons begins on the 4th day of growth (Chappell and Chrispeels, unpublished). (15) without increasing the incorporation of glycerol (9), the synthesis of phospholipids (22) , or the amount of ER in the tissue (7) .
That mung bean cotyledons can synthesize phospholipids quite rapidly soon after imbibition is confirmed by the observation that they contain the phospholipid-synthesizing enzymes phosphorylcholine-glyceride transferase and CDP-diglyceride-inositol transferase. These enzymes are at near maximal activities 9 h after the start of imbibition and the activities found in beans imbibed at I C nearly equal those found in beans imbibed at 20 C. This observation suggests that the enzymes exist in the dry seeds. In this respect mung bean cotyledons appear to differ from some other storage tissues. In cucumber cotyledons (16) the enzymes for phospholipid biosynthesis are at very low levels 24 h after the start of seed imbibition and increase gradually during growth. The data for castor bean endosperm are somewhat contradictory. Bowden and Lord (3) reported low levels of enzyme activity and a gradual increase during seedling -growth. Vick (18) or not (8) . We therefore suggest that these newly synthesized phospholipids may be participating in the normal biochemical and physiological processes of the cotyledons. The newly synthesized phospholipids are associated with organelles which have a density of 1.12 g/cm3 and 1.18 g/cm3 on sucrose gradients. These densities coincide with that of the ER (1.12 g/cm3) and of the mitochondria and protein body ghosts (1.18 g/cm3). The lack of exact coincidence between the radioactivity in glycerol and NADH-Cyt c activity indicates that membranes other than elements of the ER may be synthesized. The role of these membranes in the processes of reserve mobilization is presently under investigation.
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